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The purpose of this Technical Memorandum is to document the process by which 

remedial action alternatives were developed and screened for the 881 Hillside Area (Operable 

Unit 1 [OU-I]) of the Department of Energy's (DOE) Rocky Flats Plant (RFP). The 

> 
1 

memorandum is written in accordace with the Rocky Flats Interagency Agreement (IAG) dated 
! . January 1991 (IAG 1991). The IAG requires that a summary of the assembled remedial action 

alternatives and their related action-specific applicable or relevant and appropriate requirements 

(ARARs) be included in a technical memorandum for submittal to the Environmental Protection 

Agency @PA) and/or the Colorado Department of Health (CDH) for review. To support the 

development of remedial action alternatives, this technical memorandum includes a summary of 

the technology and process option identification, screening, and evaluation process, that was 

employed prior to assembling alternatives. Technologies and process options for remediation 

of radionuclide, polynuclear aromatic hydrocarbon (PAH), and polychlorinated biphenyl (PCB) 
contaminants in soils are also included with this report as Attachment I. Surface soil 

, 

! 

! contaminants will be addressed administratively under Operable Unit 2 (OU-2); however, this 

ihformation is summarized in the attachment to present information obtained during the course 

of the OU-1 Corrective Measures StudyEeasibility Study (CMS/FS). 

Alternatives have been assembled that address the remedial action objectives (RAOs) 

presented in Technical Memorandum #lo - Development of Remedial Action Objectives (DOE 

1994). This previous technical memorandum describes in detail the identification of appropriate 

RAOs and preliminary remediation goals (PRGs) for the 881 Hillside Area. In addition, details 

concerning the site history and characterization can be found in the Phase III Resource 

Conservation and Recovery Act (RCRA) Facility Investigation/Remedial Investigation (RFI/FU) 

: 

report for OU-1 (DOE 1993). Information contained in both of these documents has been 

summarized where necessary throughout this report. However, in order to avoid duplication of 

effort, this information has been kept to a minimum. The final OU-1 CMS/FS report will 

include both technical memorandums and will be made available as an accompanying document 

to the WRI report. 
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This section discusses the method by which technologies and process options were 

identified, screened, and evaluated for the development of remedial action alternatives. 

According to the Guidance for Conducting Remedial Investigations and Feasibility Studies Under 

CERCZA (EPA 1988a), this method consists of the following steps (where CERCLA refers to 

the Comprehensive Environmental Response, Compensation, and Liability Act): 
0 

0 Develop media-specific RAOs 

a Develop media-specific general response actions (GRAs) . 

a Identify volumes and/or areas of the media which require GRAs 

a Identify and screen technologies and process options applicable to each GRA 

a Evaluate process options within each technology type to select a 
representative option for the development of remedial action alternatives 

These steps are described in greater detail in the following subsections, with the 

exception of the development of RAOs. RAOs and associated PRGs are presented in Technical 
Memorandum #lo. Briefly the RAOs for OU-1 are: 

1) Prevent the inhalation of, ingestion of, and/or dermal contact with volatile 
organic compounds (VOCs) (from chlorinated solvents) and inorganic 
contaminants in groundwater that would result in a total excess cancer risk 
greater than lw to 106 for carcinogens and/or a hazard index greater than 
or equal to one for non-carcinogens. 

- 2) Prevent the inhalation of, ingestion of, and/or dermal contact with 
carcinogenic PAHs, PCBs, and radionuclides in surface soil hot spots that 
would result in a total excess cancer risk greater than 104 to lod, or in an 
excessive short-term risk to a human receptor. 

These RAOs were used to identify G u s  for OU-1 and to guide the development of 

remedial action alternatives. As previously mentioned, surface soil contaminants will be dealt 

with administratively under OU-2; therefore, the second RAO above will be applied only to 

March7.1994 2- 1 DRAFT 
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,2.1 General . . .  Response Actions 

GRAs are general waste management strategies that are designed to satisfy remedial 

action objectives. Examples of GRAs include treatment, containment, excavation, extraction, 

and a variety of similar actions used singly or in combination. GRAs are medium-specific and 
therefore require that a list of GRAs be developed for each medium of concern. In the case of 

OU-1, only the medium of groundwater required GRAs, due to the limited areal extent of the 

surface soil hot spots (Le., only a few cubic feet of soil are involved). 

2.1.1 Med ium-SDecific Gen-nse A c a  

. The GRAs identified for the OU-1 groundwater medium are no action, institutional 

controls, containment, removal, in sitJ treatment of chlorinated solvents, ex situ treatment of 
chlorinated solvents, in situ treatment of inorganics, and ex situ treatment of inorganics. These 
G u s  target the conwnant groups discussed in the RAOs. A brief description of each of the 

GRAs is provided below: 

March 7,1994 

No action - Required by CERCLA as a benchmark for comparison against 
other remedial action alternatives. Implies that no direct action will be taken 
to alter the existing situation, other than short- and long-term monitoring of 
site conditions. 

Institz&onaZ controls - Refers to controls based on legal and/or management 
policies which minimize the public's exposure to potential contaminants. 
Examples include controlling site access, restricting land use, and restricting 
access to groundwater. 

Containment - For groundwater, containment would consist of actions which 
minimize the flux of vapor-phase VOCs to the surface, and/or minimize the 
migration of groundwater contaminants across site boundaries. 

Removal - For OU-1, removal implies extraction of contaminated 
groundwater for treatment in the existing ultraviolet O/peroxide  system. 
The excavation of soils to locate and extract groundwater is also included 
under this GRA. 

2-2 DRAFT 





this area resulted in a rectangular "plot" which extended from the northeast comer of Building 

881 down to the South Interceptor Ditch (SID), then followed the SID east to a point just outside 
of surface sampling points RA025 and RA024. These sampling points mark the eastern edge 

of the defined "plot" with Building 881 defining the north and west edges, and sampling point 

R4014 defining the south edge. These sampling locations can be Seen on Figure 4-16 (DOE 
1993) of the RFYRI report. The area calculated for this "plot" was approximately 1,107,270 ft? 

(123,030 yd2) or 25.4 acres. (Note that this area does not take into account the disturbance 

caused by installation of the French drain.) Since only the top two inches of soil were sampled 

during the surface soil sampling effort, this layer was assumed to be the amount of material that 

would have to be removed during any excavation option to ensure that all surface contaminants 
were collected. This corresponds to a total surface soil volume of 1,107,270 fe times 0.167 ft 

(2 inches), or 184,545 ft? (6,835 yd'). 

The OU-2 CMS/FS will examine this volume in greater detail when this medium is 
addressed, and will verify whether the assumption that surface soil contamination does not 

appear below two inches is accurate, and to determine the effect the French drain installation 

had on the surrounding contaminant levels. "his estimate is also applicable to the wide-spread 

plutonium contamination in OU-1, however, the calculation was based on PAH sampling 

locations since the plutonium contaminant "plume" originates in OU-2 and therefore extends 

beyond OU-1 surface soil sampling boundaries. 

Based on the results of the OU-l-RFI/RI report, and the Baseline Risk Assessment 

(BRA) in particular, contaminated groundwater in OU-1 was found to contribute a.significantly 

higher risk to those receptors exposed to groundwater found beneath a specific portion of 

Individual Hazardous Substance Site (IHSS) 119.1, than to receptors exposed to groundwater 

from other locations in OU-1. IHSS 119.1 was designated a source location in the Public Health 
Evaluation (PHE) for this reason (see Figure 2-1). Other areas of the operable unit contain 

groundwater contaminant concentrations above PRGs, however, the concentrations are greatest 

at this MSS. 

March 7, 1994 2-4 DIWT 
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was calculated using computer codes which evaluated a three-dimensional model of the geology 

encompassing the source wells. The wells which were used to identify and delineate this 

location are 0487, 0974, 1074, 4387, 32591, and 37991. Figure 3-31 of the RFI/RI report 
depicts the first quarter (1992) saturated thickness map for OU-1 (DOE 1993). This data was 

used to determine the amount of soil which contained contaminated groundwater in the source 

location. This value was then multiplied by the average porosity at the location to estimate the 

pore volume of contaminated groundwater to be addressed by remedial actions which target the 

source, although more than one pore volume would likely have to be removed to achieve RAOs. . 

The areal extent of saturated soils in the source was calculated to be 20,000 f$. At 

MSS 119.1, this corresponds to a volume of soil of approximately 80,OOo ff. The average 

porosity at the source was found to be 0.10 (DOE 1993). Therefore, the estimated volume of 

groundwater in the source is 8,OOO fe or 60,000 gallons. The volume, it should be noted, varies 

greatly, and will be larger if the saturated areas just below (south of) the source are included. 

In addition, the Phase Ill RFYRI report estimated the amount of available groundwater in all of 
OU-1 to be between 5 and 5.8 acre-feet, or 1.6 to 1.9 million gallons. Both sets of values are 

used to estimate remediation requirements; although, it should be noted that groundwater 

elevations in OU-1 are highly dependent on seasonal variations in precipitation. 

- -_. - --- 

-1 

_I_ - 

2.2 Identification and Sc reening of T m m  

The objective of this subsection is to document the identification and screening of 
technologies and process options that resulted in the selection of representative process options 

for the development of alternatives. It should be noted here that the terms technology or 

technoZogy rype refer to general technological categories applicable under a given GRA, while 

process options refer to specific remedial actions that are available for consideration within a 

particular technology type. Also, a process option that is chosen for development of an 

alternative is considered a representative process option only. It does not necessarily mean that 
the alternative will be implemented using that specific process option. On the contrary, the 

DRAFr , March 7,1994 2-6 
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The p r w s s  of identifying, screening, and evaluating technologies and process 

options is based on CERCLA guidance and generally consists of the following steps: . . 

A review of the RAOs, specifying the contaminants and media of concern, 
exposure pathways, and preliminary remediation goals that permit 
development of treatment and containment alternatives for remediation. The 
preliminary remediation goals are developed on the basis of chemical-specific 
ARARs, when available, other pertinent information (e.g., RfDs), and site- 
specific, risk-related factors. 

A review of the general response actions for each medium of interest 
defining institutional actions, containment, removal, treatment, disposal, or 
other actions, singly or in combination, that could be used to satisfy the 
remedial action objectives for the site. 

An evaluation of what technologies to include, based on available site 
information and the identification of volumes or areas of media to which 
general response actions might be applied, taking into account the 
requirements of the remedial action objectives and the chemical and physical 
characteristics of the site. 

The identification and screening of technologies and process options 
applicable to each general response action and the elimination of those that 
could not be technically implemented at the site. 

An evaluation of each process option considering its effectiveness, 
implementability, and cost relative to other process options of the Same 
technnology type and GRA. This evaluation results in the selection of 
representative process options for development into remedial action 
alternatives. 

Several references were used to identify potential technologies and process options 

for inclusion in the CMS/FS. EPA guidance documents, technical publications, and proceedings 

were used, as well as DOE guidances, independent technical texts, and recent technical 

publications from a variety of journals. Engineering experience was also used to prepare a list 

of potential remedial technologies based on the established contaminants of concern (COCs) and 

corresponding media. 

.- 
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Once a list of potential technologies was prepared, the next step in the identification 

and screening process was to reduce the number of potential technologies and process options 

to a smaller and more representative number that would be appropriate for the preparation of 
remedial alternatives. This step was accomplished by screening technologies and process options 

on the basis of technical implementability. The implementability of a technology or a process 

option was determined according to the existing site conditions, the current COCs, and the 

nature of the technology (i.e. was there enough information available on the technology to 

evaluate its applicability). In accordance with CERCLA, process options and entire technology 

types were eliminated from further consideration during this screening. 

2.2.2 Initial Scree ning of TechnoloPies and Process @h 'ons 

The initial screening of technologies and process options is presented in Figure 2-2. 

The figure shows the GRAs that were identified for the groundwater medium, the technologies 

chosen to satisfy each GRA, and the process options identified that could represent each 
technology. Each process option is also accompanied by a summary description of the option 

and a comment which documents the reason for eliminating or maintaining that process option. 

2.3 Evaluatio n and Se lection of Rep-tati ve Process O D ~ I O ~  

Technologies and process options that were determined to be both implementable and 

applicable for remediation of OU-1 were subjected to a more detailed evaluation in order to 

determine which process options would be used in the development of alternatives. The 
evaluation was based on a comparison of how each process option satisfied the given criteria 

relative to other process options under the same technology type and GRA. 

. .  2.3.1 Evaldon Cntem 

The criteria used to evaluate process options were effectiveness, implementability, 

March 7,1994 2-8 DRGT 
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implementability criteria, followed by the cost criteria. These critena are described below in 

more detail. 

Process options that were identified in the initial screening of technologies and 

process options were evaluated for effectiveness based on several factors. The primary factor 

was the extent to which an implemented process option would help achieve the RAOs for 

remediation of the Operable Unit. However, other factors included the potential effectiveness 

of the process option in handling the estimated areas or volumes of media; the potential impacts 

to human health and the environment during the construction and implementation phase; and the 

reliability of the process option as it relates to the contaminants and conditions at the site. 

The implementability evaluation considered both the technical and administrative 

feasibility of implementing a given prmess option on site, relative to other process options in 

the Same technology type. In this evaluation, however, the administrative implementability (Le., 
institutional aspects such as availability of skilled labor, permitting requirements, _ -  and capacity 

and availability of treatment/storage/disposal facilities) weighed more heavily since the process 

options have already been screened on the basis of technical implementability. 

The cost evaluation was based on engineering judgement and readily available 

information (Le., EPA cost data and engineering analysis reports, Means data, engineering 

handbooks, recent symposiums, vendor supplied information, and EPA computer databases 

regarding Superfund Records of Decision PODS] and cleanup actions). Costs were evaluated 

relative to other process options in the same grouping and were categorized qualitatively rather 

than quantitatively. Capital costs were separated from 0 & M costs to provide more detail and 
a High, Medium, Low ranking system was used for comparison. Options that were deemed 

significantly more expensive than others while providing similar levels of effectiveness were 

eliminated from further consideration, as well as options that had similar costs but were 

significantly less effective. 
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The evaluation of process options presented in Figure 2-3 resulted in the selection 

of representative process options that were then combined to form a range of alternatives for 

remediation of OU-1 (see Section 3). Note that any of the process options that survived the 

initial screening, and are presented in Figure 2-3, could be incorporated into an established 

remedial action alternative in the future. However, in order to keep the number of alternatives 

limited and focused with regard to the RAOs and GRAs, representative process options were 

selected based, on engineering judgement, balancing factors such as effectiveness, 

I 

! 
I 

J 

I implementability, and cost. 

. .  . 2.4 Existine IM/IRA Treat ment S Y ~  
I-. . .  -.. . . .  

I The existing OU-1 Interim Measureshterim Remedial Action (IM/IRA) water 
i 

treatment system will provide a critical component for any proposed remedial action alternatives 

that require aboveground water treatment. The system constitutes a comprehensive process 

treatment train for water contaminated with organic and inorganic (including radionuclide) 

contaminants. It consists of a collection and pumping system to supply the treatment facility, 

an influent storage and transfer system, separate treatment systems for organic and inorganics 

cqntaminants, and an effluent storage and discharge system. The entire unit is designed for a 

30 gpm flow rate capacity, with equalization tanks to normalize treatment rates. 

. I  

The WIRA collection and pumping system includes the recovery well pump located 

in IHSS 119.1, two french drain sump pumps, and the Building 891 sump pumps (two). All of 

these pumps are controlled by level switches in the well or sump that determine whether the 

pumps operate. This collection system connects to the influent transfer system, which includes 

two influent equali7;rtion tanks and two influent transfer pumps. The influent transfer pumps 

supply water from the influent equalization tanks to an Ultraviolet/ Hydrogen Peroxide 

(UV/H,O,) treatment unit at a constant rate. The W / H 2 0 2  unit is designed to destroy organic 

contaminants in the influent stream. Treatment efficiency depends on flow rate (residence time), 

H,O, concentration, and W wavelength intensity. The system has a design capacity of 30 gpm 
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. .  organics. 

Once it leaves the V / H 2 O 2  system, water enters the .Ion Exchange System. This 

system consists of the ion exchange surge tank, four columns containing beds of ion exchange 

resins, and a degassing tower. Water from the W / H 2 0 2  system entei's the ion exchange surge 

tank, from which water is pumped at a constant rate into the first ion exchange column. This 

column contains 28 cubic feet of Ionac A-440, a strong base anion resin for removal of uranium. 
From column 1, water goes directly to column 2, which contains 32-cubic feet of Ionac CC, a 

weak acid cation resin, for the removal of heavy metals. From this column, water enters the 

degassing tower to allow for the escape of carbon dioxide and other gases produced during the 

W / H 2 0 2  process. Excessive gas content in the ion exchange columns could cause short 

i 

circuiting of the resins thereby reducing the efficiency of the system. After running through the 

degassing tower, water is then pumped to the third ion exchange column, which contains 56 

From 

colu& 3 water goes to column 4, which contains 56 cubic feet of Ionac AFP-329, a weak base 

anion resin, for the removal of anions. Following the final ion exchange column, treated water 

is stored in one of three effluent storage tanks and discharged by gravity-feed. 

i 
7 A!!f l , .  - . 
I cubic feet of Ionac C-240H, a strong acid resin for removing hardness and metals. 

A summary view of the described system is provided in Figure 2-4. In terms of 
I proposed remedial action alternatives, the system is capable of handling all of the COCs 

identified in OU-1 groundwater and has sufficient capacity to handle proposed treatment rates. 

Additionally, treated effluent may be used to recharge OU-1 groundwater during remediation. 
- .  

2-19 DRAFT 



. . . . . .  . . *  

6 

I 

.Y . * .  . . . . .  .- 
. . a .  . . '  . .  

...... . .  . . .  ... 

J 

c 

E 
Q, 

in s 
u) 

c 
Q, 

tu 

Y 

c, 

E 

E! 
I- 

Y 

c 
0 

E 
5; 

"E 
March 7,1994 2-20 DRAFT 



: . . .  . . .  . .  
. , .  . .  . .  ' . .  . .. .. . . .  

*. :. .. . .. 
. ,; . _  , .  . .' : , &, , .;, , y.. . 

a .  

This section discusses tlic process tly which alternatives were assembled for 

remediating specific media or areas of OU-1. Included in this section is a summary of the 

screening of alternatives which resulted in a smaller, more manageable number of alternatives 

being rctained for detailed analysis. In preparation of this technical memorandum, detai Iccl 

information regarding the technical design of an alternative is not necessary; however, enough 

information is provided in this section to allow for a relative comparison of each alternative's 

effectiveness, implementability, and cost (i.e., screening of alternatives), and to provide the 

framework for future detailed analysis of each alternative (to be included in the final CMS/FS 

report). Where appropriate, figures have been included to clarify the alternative descriptions 

or to present conceptual designs for specific components of an alternative. 

3.1 Development of Remedial Action Alternatives 

Remedial action alternatives were developed by combining process options which 

were selected as being "representative" options based on the results of the evaluation of process 

options and technologies (see Section 2.0). Process options were combined in such a way as to 

permit alternatives to be developed that would range from treatment alternatives that eliminate 

or minimize the need for long-term management, to limited or no action alternatives. This range 

of alternatives includes containment options that involve little or no treatment, but achieve RAOs 

by preventing exposures or by reducing the mobility of contaminants. The no action alternative 

was developed to provide a baseline alternative against which other alternatives could be 

compared. In all cases the alternatives were developed with the goal of achieving the R4Os 
presented in Section 2.0 by combining appropriate G u s  to form site-specific remediation 

strategies. 

~ -As in the case of GRAs and RAOs, alternatives were developed on a medium-specific 

basis. Since' the primary medium of concern being addressed by the OU-1 C.MS/FS is 

groundwater, and since the source area at MSS 119.1 contributes the largest portion of the risk 

at OU-1, alternatives were assembled to address groundwater COCs both throughout OU-1 , and 
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Alternative 0: No Action 

Alternative 1 : Institutional Controls 

Alternative 2: Limited Action 

Alternative 3: Groundwater Removal by Pumping (OU-1) 

Altemative 4: In Situ Treatment by RF/Ohmic-Heating with SVE 
( M S S  119.1 only) 

Alternative 5: In Situ Treatment by Steam Injection with Mechanical Mixing 
(Mss 119.1 only) 

Alternative 6:  In Situ Treatment by RF/Ohmic Heating with SVE (OU-1) 

Alternative 7: In Situ Treatment by Steam Injection with Mechanical Mixing 
(OU- 1) 

(Mss 119.1 only) 

( I H S S  119.1 only) 

Alternative 8: Groundwater Removal by Soil Excavation and Sump Pumps 

Alternative 9: Containment by Capping w/Institutional Controls 

Table 3-1 depicts a summary of the development of alternatives. The qble presents 

the GRAs and process options that were combined to form the various alternatives. After 

developing alternatives for remediation of OU-1, the alternatives were screened on the basis of 

effectiveness, implementability, and cost. This screening is presented in the following 

subsections, and includes summary descriptions of each alternative as-well as a final summary 

of the screening results. Alternatives that were dropped from further consideration are also 

indicated in Table 3-1 by shaded areas. 
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a Shaded alternatives did not survive the screening process and are not subject to detailed analysis (see text). 4 -  
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0 Size and configurr:tion of on-sitc removal and trcatrnent s p a n s  ai i t l  

Remediation time frames and treatment rates required to meet the RAOs 

containment- designs 

0 

! i '  

0 
1 Spatial requirements for constructing treatment or containmcnt structures, or 

support facilities such as staging areas 

Packaging and transportation requirements for on- or off-site disposal options 0 
t 
! 

I 0 Permit requirements for off-site actions and discharges 
i 

! 3.2 Screenine Ckteria 
i - 

Screening criteria are based on the EPA RI/FS &e., CERCLA) guiciar?ce, which 

states that alternatives should be screened prior to detailed analysis, by evaluating the short- and 

long-term aspects of each alternative's effectiveness, implementability , and cost. The primary 

focus of this evaluation is to ##.. .ensure that the alternatives are being compared on an equivalent 

_.  I 
I -  

"I 
I .  

I 

. .  

- .  

basis. 

i 
! 
I The effectiveness evaluation of each alternative is based on the alternative's ability 

to protect human health and the environment and to reduce the toxicity, mobility, or volume of 

the hazardous constituents present. This evaluation considers the short-term impacts associated 

with the construction and implementation period of the alternative, as well as the long-term 

effectiveness of the alternative after remedial action is completed. 

- 1  . 

I :  
I '  

- I  

The implementability evaluation of each alternative focuses on both the technical and 

. ! .>.  

, 

. . . .  

I - , .. 

administrative feasibility of constructing, operating, and maintaining the remedial action 

alternative. In this case, the technical feasibility of an alternative refers to its ability to be 

readily constructed and operated, to meet the required RAOs, and to meet any appropriate 

governing regulations during operation. Maintenance, replacement, and monitoring of technical 

components of the alternative are also considered in this evaluation. The administrative 

feasibility of an alternative is evaluated by examining the alternative's requirements for permits 

. 
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' '. - 300.430(e)(g)) which state that a No Action altemative should be.deqelopkd regardless o? site- 

. . .  . 

specific conditions (EPA 1990). The alternative will provide a baseline against which other 

alternatives can be compared during the detailed analysis of alternatives. The No Action 

alternative uses the results of the BRA to define what the exposure levels would be to receptors 

under this alternative. 

~ 

This alternative includes long-term monitoring only to determine if any changes occur 

in contaminant concentrations or in contaminant migration patterns. Long-term monitoring of 

groundwater would begin immediately as extension of existing.efforts, and would take place 

for as long as institutional controls are active at the site, or until it is determined that monitoring 

is no longer required. The monitoring program required would.be similar to existing pro 

and would not require installation of additional wells. 

.. 

A .  

This alternative assumes that the site would eventually be abandoned, and that no 

remedial actions would be initiated'to reduce the risk from groundwater contaminants. The 
alternative assumes that the treatment portion of the existing french dmin system would be non- I 

opemtional, although the drain would continue to passively collect groundwater and divert' its 

flow. 
.I . . ' .\.' 

J 

Since no remedial actions would be conducted under this alt&native, there is no ' 

remediation time'frame involved. This altemative would also not involve any packaging or 

~ transportation of waste, nor any permitting actions. This alternative does not require a screening 

evaluation since it must be carried through detailed analysis regardless of its effectiveness, 

implementability, or cost. 

. .  3.3.2 Alternative 1: Insqtybonal Co n t r a  

This alternative is intended to xn-limize the risk from contaminata groundwater "y 

I restricting access to any wells impacted by OU-1 COCs, and by eliminating the possibility of 
building construction above areas known to be contaminated With VOCs. The alternative 

1 
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Long-term monitoring would be required for this alternative to deterniine when 

institutional controls could be discontinued. Once acceptable groundwater COC concentrations 

were achieved through natural degrddation and dispersion of contaminants, the area would be 

released from institutional controls.. Long-term monitoring would take place for as long as 

required to me& this criterion. The monitoring program required would be similar to existing 

programs and would not require installation of additional wells. 

- 

.- 

This alternative assumes that the-site would not be abandoned during the institutional 

control period, but that no remedial actions would be taken to actively reduce the COC 

concentrations in groundwater. As in the No Action alternative, there is no remcdiation time 

frame with this alternative since the site would-not be released until acceptable groundwater 

concentrations are achieved. 

institutional control period will be assumed for long-term monitoring. 

However, for the purposes of detailed analysis, a 30-year 

This alternative would not involve any packaging or transportation of waste, +nor any 

permitting actions, other than, the administrative requirements associated with maintaining the 
. _  

. . . site secure. 

. .  

'. 

' .  

. '  

. .  I . .  

I : . .  

Effectiveness Evaluation - This alternative would effectively protect human health 

and the environment from impacts associated with OU-1 COCs. By limiting access to the OU-1 ... 
area and eliminating the potential for either building construction or well installation at the site, 

both human and ecological receptors would be protected from either ingesting COCs directly, 

inhaling volatilized contaminants, or corn&g into dermal contact with COCs. Overall, however, 

this alternative would not reduce the toxicity, mobility, or volume of contaminants at the site. 

Eventually natural processes would reduce COC concentrations at OU-1, however, the rate of 

dispersion and/or degradation would be slow compared to alternatives which utilize active 

remediation measures. 

. 

i. .- ~ 

! 
I 

1 
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. . limits. The monitoring program re&ked <would tie siniilaf t6 existink programs and 6ouId.'not . .- . . . ,  

. .  

require installation of new wells. For this alternat,ive, the existing extnction well located . i n  

IHSS 119.1 would continue to be used as a groundwater collection source. ' i  

i , .. . 

Although remedial actions would be coIiducted under this alternative in the form of 

the french drain, there is no remediation time frame defined since the system is currently 

operational and would continue operating until acceptable COC concentrations are achieved. 

Based on operations to date of the french drain system, however, it is reasonable to assume that 

its slow groundwater collection rate would require its operation for an extensive period of time. 

.. I 
-*t '. 

- 1  

i 
I 

. Long-teim monitoring ofgroundwater would also begin immediately as an extension of existing 

efforts. This alternative could involve packaging and transportation of spent ion exchange resin. 
--. 

j 
Effectiveness Evaluation - The effectiveness of this'alternative is similar to that of 

Alternative 1 in terms of protectiveness, although this alternative would reduce the toxicity, 

mobility, and volume of contaminants at the site by continuing to treat groundwater collected 

by the french drain and the existing W/peroxide treatment system. The overall reduction in 

toxicity, mobility, and volume of contaminants, however, is minimal compared to the extent of 

contamination present at OU- 1. 

1 
. .+ ' 

I 

I I -  i . .. 

~ According to the System Operation and Oprimization Test Report for the OU-I 
I 

1 1  
IM/IRA, of the four COCs present in groundwater that contribute the largest risk to a human 

receptor, only tetrachloroethene was consistently detected in samples taken from the system 

influent between the months of March and September 1992. C h o n  tetrachloride was never 

detected, and both 1,l-dichloroethene and 1,l , 1 -trichloroethane resulted in only one detection 

each out of 13 samples taken. The concentrations of the contaminants that were detected were 

several orders of magnitude below MSS 119.1 concentrations and were within half an order of 

magnitude of Federal Maximum Contaminant Levels (MCLs). This data suggests that this 

alternative would not provide an effectiveness in protecting human health or the environment 

much greater than institutional controls with no active treatment applied. Particularly in light 

of the fact that the effluent storage tanks used for the treatment system may be contributing to 

, - :  
I .  
I 
1 4 
l 

~ 

1 
' I  
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Im plcm-entahi! i tj. Evaluation - This alicrnat ivc w~r Id he relidi 1 y i mpl&rncntal, I C .  

. The alternati\lc does not require construction-of . . .  . . .  any new facilities as is the case w i t h  \ .  Alternative - . .  

1 . Existing fencini and site cliecAToints providc physical bamers to access: while administntivc 

dccd and peniiit restmints would prevent any future unauthorized irsc of the sitc. The €hUIRA 

treatmcnt system has already been constructed and is available for use at OU-1. - During 

operation, none of these systems would exced government regulations (by design) for eniissions 

of either vapor-phase or aqueous-phase contaminants. Spent ion-exchange resins would be sent 

to an approved disposal or recycling facility and would not cause administrative difficulties. 

. 

. 

Cost Evaluation - The primary cost component associated with this alternative 

involves the continued operation of the existing IM/IRA treatment system. Its opcration along 

with long-term monitoring would make O&M costs the primary cost driver for this alternative. 

s in Alternative 1, for the purposes of detailed analysis it is assumed that the institutional 

control period would last at least 30 years. Long-term monitoring costs would be slightly higher 

for this alternative than Alternative 1 due to the additional sampling required .for the 

I 

I ! 

. -  
I 

- .W/peroxide treatment system effluent. 
A _  

5 -  

. . .  
3.3.4 Alternative 3: Groundwater Removal bv Pumpinrr COU-1) I 

Alternative 3 presents a standard pump and treat approach to groundwater removal 

and'treatment at OU-1. The operation of a series of extraction wells in each area containing 

aqueous phase COGS would provide for recovery of the contaminated groundwater, while the 

existing IM/IRA treatment system would facilitate COC destruction. This alternative would seek 

to provide protection of human health and the environment by removing COCs from OU-1 

groundwater. The institutional control of long-term groundwater monitoring would be employed 

to verify that COC concentrations remain below PRGs after the treatment portion of this 

alternative is complete. The existing french drain would provide containment of C O h  during 

remedial actions while also assisting in the collection of groundwater. After remedial actions 

are completed, however, the treatment system would be shut down and dismantled, unless other 

, 

- 

~ 

. .  
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Extraction of contaminated groundwater at IHSS 119.1 would be accomplished by 

installing two to four extraction wells in addition to the existing extractionlrecovery well. Two 

injection wells would also be installed above M S S  119.1 to assist the extraction wells. Removal 
of the contaminated groundwater in the area south of Building 881 would-be accomplished by 

installing three to five extraction wells,south of Building 881 and north of the french drain. Two 

to three injection wells would be installed upgradient to the areas of highest groundwater 
concentration. The arm south of IHSS 119.2 would require installation of an estimated 6 to 

10 extraction wells. Four to six injection wells would be installed upgradient and on either side 

of the contaminated ara. Both the extraction wells and injection wells in all three areas would 

be 4" wells with a projected radius of influence of 25 feet. Because of the low hydraulic 

conductivity and small saturated thickness of 881 Hillside colluvial materials, cyclical operation 
with pumping rates below 5 gumin. would be required to remove groundwater without 

desamrating the well cells. 

. a  -_. 
Groundwater recovered from the extraction wells would be routed to the french drain 

sump, then transferred to the influent storage tanks of the existing WIRA treatment system. 

Recovered groundwater would therefore have to be pumped at a flow rate compatible with the 

system's 30 gpm capacity. A tap from the effluent tank would be used to route treated 

groundwater to each injection well to provide for groundwater recharge at each location. This 

system was constructed to treat groundwater from the 881 Hillside area to achieve the treatment 

goals presented in the System Operalion and Optimim'on Test Report (DOE 1992). A flow 

diagram of this water treatment system is presented in Figure 2-4. 

Effectiveness Evaluation - Sporadic groundwater COC concentrations and seasonal 

groundwater volumes at OU-1 limit the overall effectiveness of this alternative. Although the 

treatment system is proven to be effective in removing OU-1 COCs, the effectiveness of the 

extraction process would be poor because of the OU-1 hydrogeology and the tendency of pump 

imd treat systems to require extended remediation time frames to reduce the concentration of 

residual con*,amination. 
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1992). Results of these simulations showed that with a hydraulic conductivity of 1E-4 crn/seq 

pumping rats exceeding 0.14 gprn would desaturate the well cell in under 365 days. The model 

assumed a 12-hour pumping period. With a hydraulic conductivity,of 1E-5 cm/sec, pumping 
rates excceding 0.013 gpm would desaturate the well cell in  under 365 days. Based on the RI 
report, the hydraulic conductivity at IHSS 119.1 and the area south of IHSS 119.2 is estimated 

at-9.4 X ft/min (4.8 X lU5 cm/sec), while the area south of Building- 881 has an estimated' 

. 
i 

i 1 

i 

, !  .; , : r . 

hydraulic conductivity of 1.5 X lo5 ft/min. (7.6 X 10: cm/sec.). These hydraulic conductivities 

would require extremely low pumping rates to remove contaminated groundwater without 

desaturating the well cells. 
i 

I 

The overall remediation time frame based on using this alternative would be extensive 

considering the low groundwater pumping rates achievable at OU- 1. The potential exists for an 

extensive extraction time required for removal of residuals potentially present in saturated soils. 
I 

_1 1 
I 
I 

Implementability Evaluation - This alternative would be readily implementable if 

it was selected as the preferred remedial action alternative. The equipment required for the 

alternative is commonly available and does not require any specialized construction and/or 

I operation personnel. Injection/extraction wells are widely used and equipment could be obtained 

from a number of suppliers. The IM/IRA treatment system has already been constructed and + 

is available for use at OU-1. During operation, none of these systems would exceed government 

regulations (by design) for emissions of either vapor-phase or aqueous-phase contaminants. 

Spent ionexchange resins would be sent to an approved disposal or recycling facility and would 

not cause administrative difficulties. Administratively, installation of groundwater extraction 

wells would require well installation permits, but such permits are readily obtainable. Off-gas 

1 

I 

I .treatment would require an air treatment permit, but there is no foreseeable difficulty in 

. .  ,.. . ' 
e -  

. .  

I 

obtaining such a permit. I. 

Cost Evaluation - The capital cost requirements for this alternative are relatively low 
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I . ' . ,  .... ; ..: a treatment- system has already been' COnSEnJCt@; . O.& -M auld; tze -quite high. fir. this ' : . ' . - .  
. .  , . 1. 

alternative comprirc,d to oflicr. alternatives considered duc to the estcnsivc tirile frmic rcqriircd 

for groundwater extraction and the high 0 6: M costs associated wi th  powering the u \ 7  iarnps 

used in the IM/IRA treatment system. 

! 

3.3.5 Alternative 4: In Situ Treatment by RF/Ohmic Hcatinf! with SVE (THSS 119.1 o'nlv) 

~. 
This alternative seeks to enhance the vaporization and stibsequent recovery thyougli 

vapor extraction of COCs present in the saturated soils and groundwater at OU-1. Such a 

technology would target COCs that have partitioned to the aqueous phase in the subsurface or 

have adsorbed onto subsurface soils. This alternative considers technologies that enhance 

vaporization through the elevation of subsurface temperature in areas where target COCs are 

concentrated. Groundwater residing in shallow pools throughout MSS 1 19.1 would be extracted 

via existing wells, the existing french drain, and 1 to 2 new recovery wells. Collected 

groundwater would be treated by the existing IM/IRA treatment system. These same areas 

would be subjected to vaporization enhancement techniques once desaturated to enhance the 

removal of any residual contaminants. 

I As soil gas contaminated with COC vapors is recovered through a standard vapor 

extraction system and replaced with clean soil gas, aqueous-phase and adsorbed COCs.must 

-reach a new equilibrium (with the clean soil gas); thus, inckasing the vaporization rate of these 
< 
: 

COCs which, subsequently, would be available for recovery by vapor extraction. Although this 

shift in equilibrium would increase the effectiveness of the vapor extraction system, the primary 

increase in total contaminant recovery would result from an increase in the number of open pore 

spaces available for vapor transport. Any vaporization enhancement techniques used-with vapor 

extraction would decrease the moisture content of the surrounding media. Pore'spaces that were 

initially filed with water would be opened once the water was vaporized and driven off. The 

. open pore spaces would allow for a greater diffusion rate of vapor phase COCs,- thereby 

increasing their extraction rate and possibly the radius of influence of a vapor extraction system. 

I .  

. .  
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contaminant recovery. This alternative considcrs two vii!ble trcatmcnt tcchnologics i1i:ii can 

effect an increase in subsurface soil temperatures - radio frequency heating and elcctrical 

resistance (ohmic) hcating. 

_ .  

: .. _' . .  
Radio Frcqucncv Heating 

. _ _  
; . >  . .. 

Radio frequency (We) licating was selected as one of the two represzntative proccss 

options to effect an elevation in teniperature of the subsurface niatcrials at OU-1 that arc 

contaminated with those COCs that are VOCs. RF heating is an innovative in-situ technology 

for volatilizing organic constituents in soil and water as well as vaporizing pore space moisture. 

The technology is desirable since additional chemicals are not introduced into .the subsurface and 

no special arrangement (e.g., grids) are necessary as in conventional electrical resistance heating. 

- .- 

I I 

I 
I 

f 

! . -  
The in-situ RF heating process requires minimal intrusion, using 3- to 6-inch 

diameter boreholes containing strategically placed antennae in the desired treatment area. 

LI Through a combined mechanism of ohmic and dielectric heating, the temperature in the media 

is raised and the volatile and semivolatile organic constituents are volatilized (Kasevich 1992). 

Volatilized.organics are then collected with the vapor extraction system and subjected to further 

treatment. RF heating is expected to supplement vapor extraction in a manner that allows for 

quicker recovery of VOCs from certain areas of the subsurface. Specifically, heating "hotspots" 

can expedite VOC recovery in the vapor form (Le., hotspots are likely to contain aqueous phase 

and adsorbed VOCs which would be driven to vapor under elevated temperature conditions). 

Figure 3-1 illustrates a simple application of RF heating combined with vapor extmction for this 

alternative. 

The dielectric loss of a material (Le., the amount of energy a material dissipates as 

heat when placed in a varying electric field) contributes to the heating of the contaminated 

media. 

. I 

I . -  
Since the primary mechanism of RF heating is not thermal conduction but rather .*+ ~ 

electromagnetic radiation (in the radio frequency range), thermal conductivity and hydraulic 
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consiant. h?ost soils have suitable dielectric constants that allow for effective trcatnicnt. W;IICI. 

and/or soil moisture is vaporized by FtF energy; however, steam is transparent to RF energy and 

does not continue to absorb radiation energy. While the steam may become superheated, this 

1 occurs only by energy conduction from the solid media and not from direci elcctromagrieiic 
! 

! 

*. . ._ - 
energy absorption. The steam in t u r n  serves to heat surrounding niatcrials, enhancing additional 

vaporization. Thus, water and/or soil moisture does not present a hindrance to the treatment 

process. Fractures. and voids within the contaminated matrix also do not present treatment 
. 

I 

I 
problems since thermal conduction is not the primary heat transfer mechanism. Densely packed ! 

i 

soils are well suited to this treatment as are other consolidated geologic materials. A variety of 

heating profiles can be generated by manipulating the subsurface placement of RF antennae, their 

operating frequencies, and the phase output of the different antennae. Virtually uniform heating 

.. within a specified volume can be achieved with minimal heating of surrounding material using 

a properly designed configuration. Thus, localized treatment can be attained with proper design. 

1 

! 

1 
. 

, 

I . .- .::. 

RF heating has been shown to be capable of increasing soil temperature to 

approximately 500°F. This temperature would be great enough to volatilize both sorbed and 

potentially dissolved phase COCs (e.g., aqueous phase) in the subsurface materials as well as 

drive off any moisture in nearby pore spaces. The temperature of the subsurface medium would 

be raised gxadually; therefore, vapor extraction wells would be able to extract vapor as it is 

generated. The heating and resulting steamhapor generation rate could be controlled so that the 

capacity of the vapor recovery system would not be exceeded. Such control would prevent the 

spread of contamination by steam plume expansion. Also, RF heating would only be 

implemented in the vicinity of a vapor extraction well. Placement of an RF heating antennae 

in this manner would provide assurance that RF heating would not lead to a spread of 

contamination. A vapor recovery system supplemented with RF heating would likely require 

additional air drying capacity, depending on the off-gas treatment utilized, since it is expected 

that the RF heating system would lead to the extraction of a greater amount of soil moisture than 

I 

1 

. conventional vapor extraction. 
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vblatile .sobsta&es.'would be- inobilized; and. additional :waSte..disposhl problem's t M  -May be" - - . '- ' 

I 

caused by excavation of the shallow alluvial materials would be avoided through this alternative. 

Extracted groundwater would be treated by the existing IM/IRA treatment system which would 

effectively remove or destroy any OU-1 COCs. 

Potential impacts to human health and the environment would occur through releases 

of recovered soil vapors at the ground surface or within the collection and treatment facility. 

Installation of a borehole(s) and vapor extraction well(s) in and around MSSs - poses a potential 

risk as "hotspots" may be disturbed. Existing drilling protocols would be used to minimize 

worker exposure. Overall, operation of an RF heating system combined with vapor extraction 

would not be expected to pose direct adverse-impacts given implementation of standard health 

and safety measures. 

Implementability Evaluation - A potential technical consmint for RF heating is 

that the equipment necessary is relatively specialized; however, the equipment is readily 

available through several technology vendors. No significant administrative constraints would 

be expected to construct and operate an RF heating system since it requires no introduction of 

substances to the site and requires minimal subsurface intrusion. Permit requirements must be 

met for discharge from an off-gas treatment system. Well installation permits would also be 

needed for any wells installed at OU-1. Treatability testing would be required and would "r 

include bench-scale tests to determine optimum operating parameters for RF heating and a pilot- 

scale test to determine optimum locations for applying RF heating antennae as well as site- 

specific performance. 

Cost Evaluation - There is a moderate level of capital cost associated with RF 

heating. Much of the capital cost is dependent on the number of applicator antennae installed 

and intiqendent powerkontrol trailers needed. O M  costs are also highly dependent on site 
I conditions but are expected to be high relative to an alternative that includes only conventional 

vapor extraction. The cost of power to operate the RF heating system and monitoring during 1 

I 

remedial activities are key contributors to the O&M costs. Actual cost figures for the use of RF 

heating would be clearly defined in the detailed analysis of alternatives; although, at this stage ' 

i 
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suppienlent a conventional vapor extraction program at OU- 1'. 

Electrical Resistance Heating 

Electrical resistance heating was also selected as one of the two representativc 

process options to effect an elevation in temperature of the subsurfdce materials at OU-1 that are 

contaminated with volatile COCs. Like RF heating, electrical resistance heating is an innovative 

in-situ technology for volatilizing organic constituents in soils and groundwater, vaporizing pore 

space moisture. Unlike RF heating, however, electrical resistance heating results from the 

transmission of an electrical current through the media targeted for cleanup. As such, a 

prerequisite for electrical resistance heating is that the media must be able to conduct an 

]t 

I 

1 

_ -  

electrical current. Electrical resistance heating requires the placement of a grid of elxtrodes and 

sometimes the addition of water in the area targeted for remediation. The process requires only 

minimal intrusion and has most ofteii been implemented using six electrodes installed in a 

hexagonal pattern to the depth of the contaminants, with a vapor extraction well placed in the 

center of the pattern as shown in Figure 3-2 (Aines et al). 

i 
! 

-- 

Six- or three-phase power can be used to supply current to the installed electrodes. 

There is some benefit with six-phase power in that a more uniform hcating pattern can be 

realized in the area being treated (Buettner et al). However, the increased uniformity comes at 

the expense of needing additional equipment to split normal three-phase power into six-phase. 

Electrodes are usually constructed of stainless steel tubing, which can also serve as passive air 

I 

f 

I . :  

I -  
1 i  

inlets. 

The principle of electrical resistance heating is simple. Basically, electrical currents 

are made to flow between electrodes placed in a contaminated region causing resistance heating 

(much the same way that passing an electrical current through an oven heating element generates 

resistance heating). Current flow through subsurface materials tends to be greatest in fine- 

, - 

- 

grained soils such as silts and clays. These types of soils are generally less permeable than 

sands and gravel; thus, heating the clays and silts will drive off contaminants contained therein. 

% 

. .  
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' . . permeable sands and gravel, tilere are niore susteptiblc' to recoilejr by k p o r  extraction. As 

wit11 W heating, soil nioisturc can be heated with electrical rcsishncc heating to gcricrdtc SLC;IIII. 

Stem can provide additional stripping of adsorbed contaminants. Also, the removal of soil 

moisture can increase the sir flow pennenbility of the soil being treated, thus enliancin_~ tlic 

capability of vapor extraction to remove contaminants (but lessening the ability to continuc 

heating the subsurface with electrical current). . -  

_. 

The primary pieces of equipment needed to support electrical resistance heating 

include stainless steel piping (for electrodes), a 60 Hz power supply, an optional six-phase 

transformer, thermocouples for monitoring subsurface temperature, and a vapor 

recoveryltreatment system. Electrode grids may be placed at -various locations targeted for 

treatment. Extracted vapors from multiple locations may be directed to a central treatment 

location or to individual treatment units. 

. . . . . . .  . .  

The location of the electrode grid(s) and vapor extraction well(s) for cleanup of the 

volatile subsurface COCs at OU-1 are contingent on treatability test results in-which the optimum 

system design would be defined; however, for this alternative4 was assumed that one grid 

would be installed at HISS 119.1 at any one time. This grid would have six electrodes inserted 

-to approximately 20 feet below the surface in a hexagonal arrangement making up a circle with 

a diameter of approximately 20 feet. Additional grids would be required to remediate the entire 

site. 

Effectiveness Evaluation - A critical factor in 

resistance heating is the ability of the media being treated t 

the effectiveness 

conduct an elec 

of electrical 

rical current 

between electrodes of the grid. Fine-grained soil layers at OU-1 containing contaminated soil 

moisture are above fractured bedrock. These fine-grained layess should be capable of 

conducting an electrical current; however, the ability to maintain an elevated temperature in 

these soils over time may decrease as soil moisture is driven off. Heating of these subsurface 

soils will make volatile COCs susceptible to recovery by a vapor. extraction well. Extracted 

groundwater would be treated by the existing IhUIIU treatment system which would effectively 
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Potential impacts to human health and the environmcnt would occur through releascs '.+. . 

of recovered soil vapors at the ground surface or within the collection and treatment facility. 

Installation of electrodes and a vapor cxtraction well(s) in and aroiind MSSs poses a potential 

risk as "hotspots" may bc disturbed. Existing drilling protocols would bc used to niinimizc 

worker cxposure. There is a danger to workers of electrical shock in the vicinity of thc 

electrical resistance heating grid. As such, .strict control of worker access must be administered 

during electrical heating operations. Overall, the operation of an electrical resistance heating 

system combined with vapor extraction would not be expected to pose direct adverse impacts 

given implementation of standard health and safety measures. 

! 

! 

Implementability Evaluation - A potential technical constraint for electrical 

resistance heating is that the equipment necessary is relatively specialized; however, the 

equipment is readily available through several technology vendors. No significant administrative 

constraints would be expected to construct and operate an electrical resistance heating system 

since it requires no introduction of substances to the site and requires minimal subsurface 

intrusion. Permit requirements must be met for discharge from an off-gas treatment system. 

Well installation permits would also be needed for any wells installed at OU-1. Treatability 

testing would be required and would include bench-scale tests to determine optimum operating 

parameters for electrical resistance heating and pilot-scale tests to determine optimum locations 

for applying electrical resistance heating electrodes as well as site specific performance. 

1 
' 

Cost Evaluation - There is a moderate to high level of capital cost associated with 

electrical resistance heating. Much of the capital cost is dependent on the number of grids and 

power control systems that would be utilized at OU-1. O&M costs are also highly dependent 

on site conditions, but are expected to be high relative to an alternative that would include only . 

conventional vapor extraction. The cost of power to operate an electrical resistance heating 

system and monitoring during remedial activities are key contributors to the O&M costs. Actual 

cost figures for the use of electrical resistance heating would be more clearly defined during 

detailed analysis; although, at this stage there appears to be no cost factors that would eliminate 
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3.3.6' Alternative 5 :  In Situ Treatment bv Steam Injection with Mechanical Mixing 
fMSS 119.1 onlv) 

This alternative would use steam enhanced vapor extraction with mechanical mixing 

to enhance recovery of COCs present in the subsurface soils at IHSS 119.1. Such a technology 

would target COCs that have partitioned to the aqueous phase in the subsurface or have adsorbed 

onto the subsurface soils. This alternative considers a technology that cnhances vaporization and 

recovery through elevation of subsurface temperature by steam and hot air injection and 

mechanical mixing in areas where the target COCs are concentrated. 

This alternative requires the remediation of approximately 15,000 cubic yards of soil 

in MSS 119.1 by in-situ treatment with a mobile treatment system. The treatment system 

selected would use steam and hot air to enhance volatilization of adsorbed and dissolved VOCs 
while simultaneously increasing contact of the steam/hot air with the VOCs by mechanical 

mixing. Steam is the primary means of temperature elevation induction, while hot air is 

supplied to increase subsurface vapor flow and recovery. The mNng enhances volatilization 

by increasing desorption surface area and eliminakng barriers to contact between the 

contaminants and the steam/hot air. 

The primary treatment system in this alternative consists of a caterpillar mounted drill 

rig with specialized drilling equipment. The drill equipment is capable of delivering multiple 

treatment reagents, such as hot air and steam, simultaneously via piping in a hollow drill bit 

shaft. The drill bit has a cutting/mixing blade, which can vary in diameter from 4 to 12 feet. 

The drill rig can produce up to 350,000 ft lbs of torque, sufficient to provide excellent mixing 

of subsurface soils as the drill bit descends through the soil column. The drill bit also has 

multiple injection ports for steam delivery. The multiple ports provide uniform delivery of 

steam throughout the treatment zone. The caterpillar mounted drill rig is moved from one 

treatment zone to another sequentially until the entire site is remediated. The treatment columns, 

or drill shafts, are overlapped by 20% to ensure adequate treatment throughout the entire site. 

March7, 1994 3-24 DRAFI' 



. . . . .  . . . . .  ........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ........ . . . . . . . . . . . .  .... ..... ........ .............. 
. . .  

. . .  . . . . . .  

+)v.!:r':J; .. .; .x , . y ; . 
. . . . . . .  ;q: ..A,tO:6 C0l 

;..'id.. :?.e ' ,&,, I.L;&>;;..'l$: I : -:;e.. ;&#@ :: , , 

. . . . . . . . . . . . . . . .  . . .  . .  . . . . . .  .. _ . .  .: '  . . * .: , : L. 

+r;,:.c. ... .r ? . 
. . . .  ng. on.  site co'ntiaions.: .For volatile. compou~~c~s. 

such'asthose at'OU-I, a negative piessure shroud is placki'ovcr the entire t&tment %ne to'. 

. .  ... . .  :. 

' . _I ' .. 
. . .  .... . . . . . .  e .  * .  . '  . .  .- .. . .  . .  

. . . .  
capture off-gases for delivery to an off-gas treatnient system. Mats are placd under and around 

the rig to ensure that contaminants do not reach the atmosphere by surfacing outside the shroud. 

The shroud vacuum is connected to an off-gas treatment system. Systems such as carbon 

adsorption, catalytic oxidation, and ultraviolet photolysis are all viable for off-gas treatment, but 

catalytic oxidation is generally the most efficient and cconomical. An evaluation of off-gas 

treatment technologies for specific OU-1 contaminants and conditions will be performed during 

dsrailed analysis of alternatives. 

. .  

- .  

,. 

Removal of groundwater by pumping is also included in this alternative, and will be 

accomplished either by the mobile treatment system or by extraction wells placed near the 

, 

. 

treatment zone to depress the water table and recover contaminatcd groundwater. This ensures 

the recovery of aqueous inorganics present in the groundwater and inorganics dissolved by 

condensing stcam injected by the treatment system. Thus the alternative will address inorganic 

.. , 
. I .  

as well as organic contaminants. The recovered groundwater and condensed steam will be 

pumped to the existing IM/W treatment system at OU-1, which is designed to treat all 

contaminants found in OU-1 groundwater. 

1 :  
Since this alternative involves removal of the source of contamination, long-term 

monitoring of groundwater would not be required once the remedial action is complete. Existing 

groundwater monitoring efforts would, however, be continued for a short period to determine 

treatment effectiveness. 

.... 

I 

Effectiveness Evaluation - The in-situ steam extraction with mechanical mixing 

treatment system is mobile, with a very high treatment capacity relative to other in-situ methods. 

The system can treat 30 to 80 cubic yards of soil per shaft, depending on site specific conditions 

and the size of mixing blade used. Each column treatment cycle lasts 2 to 4 hours, taking longer 

for less volatile contaminants or clayey or silty soils. Thus the system could treat the entire 

volume targeted for remediation in 47 to 250 days, or 2 to 9 months. Production rates of VOC 
laden vapors could be as high as 100 cubic yards per hour, so proper sizing of an off-gas 
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Potential impacts of the treatment to human liealth or the environment tluririg 

treatment include release of airborne VOCs and hazards from drilling activities. Care would bc 

taken to ensure proper operation of the shrqud to eliminate the possibility of airborne release of 

VOCs. Standard proccdures for drilling activitics would be follbwed to minimizc risks 

associated with this part of the treatment activities. 

... . . -  . * .  
. .  . . . . . .  ... . . . .  
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The system has been proven effective in removing halogenated volatile organics from 

subsurface soils. Soils with a high sand content such as those at OU-1 are particularly 

amenable to this treatment. Such soils present no difficulties for opcration of the mixing blade. 

Average removal efficiencies of VOCs from previous subsurface soil remediations was 85 %, 

very high for an in-situ treatment. The extent of fracturing in the underlying bedrock is 

undetermined, but the treatment will have limited effectiveness in treating bedrock contamination 

due to limitations of the mi&g blade i;l penetrating hard rock formations. The steam extraction 

process has no effect on non-volatile inorganics, but groundwater removal by pumping will 

effectively remove those contaminants. Subsurface obstacles, such as buried drums or large 

rocks, also present a potential difficulty for the treatment. Obstacles larger than 12 inches in 

i 
I 

I 

! 

diameter must be removed to avoid damage to the equipment. Overall, however, the process 

is well suited to OU-1 and should be effective in treating contaminants. 

I 

i Implementability Evaluation - This alternative is readily implementable both 

technically and administratively. The treatment system is mobile, requiring no construction 

activities. The primary technical limitation of implementation is the potential of the drill rig to 

tip on steep surfaces. This could be minimized by grading of steep slopes within the MSS. 

Administratively, installation of groundwater extraction wells would require well installation 

permits, but such permits are readily obtainable. Off-gas treatment would require an air 

treatment permit, but there is no foreseeable difficulty in obtaining such a permit. 

Cost Evaluation - This alternative involves moderate capital costs relative to..other 

processes being considered. The process equipment is available from at least two technology 
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other altcmatives. The dorninant 0&M cost is energy for stcam prodiiclion, so optimization of' 

steam injection rates would minimize energy costs. 

3.3.7 Alternative 6 :  In Situ Trcitmcnt bv RF/Ohmic Heatinr with SVE COU-1) 

This alternative is identical to Alternative 4 with the exception that it would be 

implemented across all of OU-1, rather than just at the IHSS 119.1 source location. This 

alternative would therefore require a larger number of soil . .  vapor extraction wells and RF 

antennae or electrical grids, depending on the specific process option selected for remediation. 

The technical description for this alternative is included under Alternative 4. 

.. . 

'. 

Effectiveness Evaluation - This alternative would be effective in reducing COC 

concentrations across the OU-1 site. The effectiveness of RF/Ohmic heating is described in 

detail under Alternative 4, however the OU-wide alternative would be slightly more effective 

in reducing overall contaminant concentrations. The alternative may present a slightly greater 

risk to workers than Alternative 4 due to the added power requirements and well installations, 

however both of these factors would be controlled by appropriate site hfety measures. 

In terms of reduction of toxicity, mobility, or volume, this alternative would achieve 

a greater reduction in all three of these areas than Alternative 4 due to the larger extent of the . 

cleanup under this alternative. 

Implementability Evaluation - The implementability of this alternative is discussed 

in detail under Alternative 4. This alternative may be slightly more difficult to implement due 

to the added equipment required to scale up the system described in Alternative 4. In addition, 

a greater number of personnel would be required to implement this alternative than Alternative 

4 although the difference would not be substantial. 

Cost Evaluation - This alternative would cost much more than Alternative 4 
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' *  . * higher OtkM'costs. 'This would bC pafti'ciilarly tfie with electrical resisiance heating ivhich h i s  

a srnaller treatment area tlian a single RF antennae. Capital costs would be also be grcatcr 

although this cost difference would not be as dramatic as- the increased O&M costs. On an OU- 
wide basis- several RF antennae could be operated at different locations and cycled to other 

locations during rcmdiation. Likewise, a few electrical resistance heating grids could tx 

implemented a t  sevcral locations throughout the operable unit. 

3.3.8 Alternative 7: In Situ Treatment bv Steam Iniection with hlechanical hlixing 
IOU- I 1 - 

. I  

This alternative is identical with alternative 5 with the exception that the entire 

operable unit would be treated as opposed to solely MSS 119.1. Alternative 7 would utilize the 

same mobile unit as proposed under Alternative 5 ,  however the unit would be moved across the 

site to ensure coverage of all of OU-1. Details concerning operation of this system are presented 

under the description for Alternative 5 .  

Effectiveness Evaluation - The effectiveness of this alternative is limited by the 

ability to determine exact source locations at areas outside of IHSS 119.1. This alternative 

would be at least as effective as Alternative 5 since it is treating MSS 119.1 as in that 

alternative. However, outside of this area, source locations are much more dispersed and 

difficult to pinpoint. Effective application of this alternative would require treating most all of 

the area contained within OU-1, to treat very low initial concentrations of COCs. In layman 

terms the technology would have to be applied as "overkill" to ensure that all areas containing 

residual contaminants were treated. 

kplementability Evaluation - For the reasons stated above this alternative would 

be difficult to implement at OU-1. The drilling method employed treats a soil "column" down 

to bedrock. To cover the entire site, most all of the soils would be subjected to what amounts 

to a tilling action which loosens consolidated soil matrices. This action would render the entire 

hillside unstable and could result in severe slumping and washout. In  addition, the treatment 

unit itself' would be subject to an unstzble foundation and could result in an unacceptable safety 
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Cost Evaluation. - Capiki costs associated with this alternative would not be nigch 

greater than' those associated with Altema.tive':5. A single unit. couldibe implemented to treat 
. . .  . . 

the entire operable unit and no additional-treatment capacity would b'e required (i.e., for off-gas 

orextracted groundwater). The gratest impact to costs associated with this alternative involve 

O&M costs incurred through a longer period of operation of the french drain treatment system, 

and through an extended lease of support equipment for the drilling unit. 

3.3.9 Alternat ive 8: Ground water Remo Val  bv $JJ E xcavation and Sump Pump3 
SS 119.1 only) 

This alternative is intended to reduce or eliminate the risk to a residential receptor 

at IHSS 119.1 through source removal of contaminated groundwater beneath a discreet portion 

of the IHSS. This alternative differs from the in situ groundwater treatment alternative in that 

a portion of unsaturated soils at the IHSS would be excavated down to the water table to allow 

for the removal of localized groundwater contamination. This is a worst-case scenario which 
would enable contaminated water to be Iocated and subsequently removed. Such efforts may be 

required based on the current understanding of the hydrogeologic conditions at OU-1, which 

suggest complex geology in the area. Site characterization data collected to date have not 
provided a complete description of the aquifer beneath IHSS 119.1, which may explain the 

limited effectiveness of the existing groundwater recovery well. 

The volume of groundwater requiring treatment and the amount of soil which would 

have to be excavated for this alternative were calculated based on the results of the Phase III 
RFI/RI. This alternative would require excavation of approximately 20,000 cubic yards of 
unsaturated and ptentially saturated soils in the southwest corner of MSS 119.1 (see Figure 3- 

3). The mount of groundwater collected during the excavation would be approximately 60,030 
gallons depending on the seasonal level of the water table. This is a rough estimate of the 

amount of groundwater present under saturated conditions using the measured porosity of the 

Soils. 
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all contaminated groundwater pwls are reached. The groundwaier woulci then bc coilected using 

sumps installed within the-excavation. Standard submersible pumps would be used to direct 

collected groundwater to the existing IM/IRA treatment system at OU-1 for final treatment and 

discharge. A piping system from the excavation to the OU-1 treatment facility would bc 

required. This would likely be constructed of PVC and buried to a sufficient depth to prevent.. 

- 

' freezing. A control system would also be nceded to operate pumps %* as , demand required, and to 

minimize the need for manual oversight and operation. 

The actual excavation would be accomplished using conventional construction 

equipment although breathing apparatus may be included as part of the machinery or may be 

handled separately on an individual basis. An artificial enclosure could also be installed over 

the excavation site with a vapor treatment unit attached to collect and treat any volatilized 

contaminants which escape during excavation. 

An important consideration for this alternative would include analyzing and 

segregating excavated soils to evaluate whether the materials would be considered hazardous 

waste. Hazardous waste material would require proper treatment and disposal at a licensed 

treatment, storage, and disposal facility (TSDF), however this may be complicated by the 

potential presence of plutonium in the soils. Plutoniumantaminated soils would not likely be 

taken off-site for treatment although they may be sent directly to a low-level waste facility if 

they do not show hazardous waste characteristics. Excavated soils which do not exhibit above- 

background levels of contamination would be used as backfill for the excavation follokng 

termination of the treatment activities. These soils would need to be stockpiled temporarily until 

remediation is complete. 

Since this alternative involves a removal of the source of contamination, long-term 

monitoring of groundwater would not be required once the remedial action is complete. Existing 

groundwater monitoring programs would be continued, however, to evaluate the impact that he 

removal action had on the system. Short-term monitoring of v a p r  concentrations in air would 
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Effectiveness Evaluziion - Bcauss of the canpliczited hyd:ogmlogy present Li Our  

1, this type of alternative would allow for a .greater overall effectiveness in removal of 

contaminated groundwater by providing direct access to IHSS 119.1 groundwater. Thc existing 
IhUIRA treatment system is Arczdy in place at OU-1 to effectively tieat the contzrninated..u'atcr. _. 
removed from IHSS 119.1. 

' 
' - . 

. ?  

' 

. .  . 

..- .. 
I .  

I Removal of the contaminated materials (followed by treatment) from'the vicinity of 

1 :  IHSS 119.1 will allow for complete removal of residual contamination from the saturated zone, 

thus satisfying the statutory preference for reduction of toxicity, mobility, or volume through 

treatment. Sump pumps would effectively collect any dissolved phase contaminants for treatment 

by the IM/IRA system. This alternative would involve complete removal of source 
i 

I contamination, leaving no potential for future release from residual contamination, and satisfying 

requirements both short- and long-term protection of human health and the environment. 
1 
t 

Implementability Evaluation - This alternative would be readily implementzble if 

it was selected as the preferred remedial action alternative. The equipment required for the 

alternative is commonly available and does not require any specialized construction and/or 

operation personnel. Extraction wells (sumps) are widely used and equipment could be obtained 

from a number of suppliers. Vapor treatment systems are also commonly constructed for use 

{ with commercially available materials. 

The existing IM/IRA treatment system has already been constructed and is available 

for use at OU-1. During operation, none of these systems would exceed government regulations 

(by design) for emissions of either vapor-phase or aqueous-phase contaminants. Spent ion- 

exchange resins would be sent to an approved disposal or recycling facility and would not cause 

administrative difficulties. 

The only significant problem identified at this time is the potential for large quantities 

of contaminated soils to be generated requiring disposal at a commercial TSDF. The d i spsa l . .  
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Cost Evaluation - The capital cost requirements for this alternative are relativcly low 

as a fairly small number of sump purnps wells uwld be rcquired and the existing LI\?!IRA 

trcatincnt systcm has already hmn constructed. 0 6r M costs would be moderate fc!r this 

alternative comparcd to other alternatives considered due to the extcnsive manpower rcquircd 

for soils excavation and groundwater treatment. The costs for disposal of the excavated soils 

could range from relatively low (if most soil could be reused for backfill) to very high if all soils 

. 

. 
required treatment andlor-disposal at a commercial TSDF. 

3.3.10 Alternative 9: Containment by Capping w/Institutional Controls 
mSS 119.1 only) 

This alternative would provide for the capping of the vicinity of IHSS 119.1 in order 

to prevent infiltration of rainwater, surface water, and snow melt from reaching and mobilizing 

wastes in the IHSS, to prevent escape of vapors from the IHSS to the atmosphere, and to contain 

surface soil hotspots (areas of high radiological contamination). Capping is the systematic 

covering of an area with layers of soil, clay, or synthetic material to impart certain physical or 

chemical characteristics such as slope, impermeability, or chemical resistance to the surface. 

Typical applications of capping are municipal landfills where leachate is formed via infiltrating 

surface water. Mine wastes have also been capped to eliminate not only the migration of metals 

into groundwater through seepage, but also contamination of surface water, soils, or air through 

erosion of the waste surface. In this case, the overall objective of this alternative would be to 

provide drainage and minimize escape of organic vapors to the atmosphere. Meeting this 

objective would minimize potential exposure pathways through inhalation of vapors in the 

. - 

basements of existing and future structures. Design of a cap for IHSS 119.1 must take into 

account the topography of the surface of the IHSS and the stability of the 881 Hillside. Climate 

and hydrology of R€T must be considered for the design to prevent flood hazards and to address 

the needs of cap vegetative material or gravel cover. Any cap proposed for OU-1 would require 

enough fill material to provide a level foundation of the capping material. 

-*- 
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u*ould be uscd. If necessary, a RCRA multilayer-type cap could be used. In a multiple l a y  

cap, a vegetative or gravel cover provides the surface with protection from erosion by wind and 

water; a geotextile layer provides strcngth; a grmular laycr facilitatcs dniinagc of inf i l t~i tcd 

watcr; a conipactcd natural clay or geosynthctic layer (i.e., Bentomat) providcs a waicr 

impermeable bamer; and an intermediate soil cover provides a sniooth surface for the clay layer -- 

and proper slope for drainage. An optional flexible membrane liner (FML) may be added to 

prevent gas or liquid migration up.through the cap. The multiple layer cap is bascd on standard 

RCRA closure requirements and may be required as mentioned above. The simpler, single layer 

' cap should suffice, however, to prevent atmospheric releases. 

Effectiveness Evaluation - Surface capping of landfills has been used successfully 

for CERCLA and RCRA sites in the past, including municipal landfills and hazardous waste 

disposal facilities. Typically, hazardous waste disposal facilities will also include a liner system 

beneath the waste to prevent groundwater contact and to collect leachate, while municipal 

facilities may only have a surface cap if liner technology was not in use when the landfill was 

initiated. A cap at OU-1 would reduce airborne release of contaminants by isolating therm from 

the atmosphere, as well as contain.the surface soil radiological hotspots. The alternative, 

however, would provide no additional protectiveness of human health beyond institutional 

controls. Institutional controls must be maintained with a cap to ensure that no wells or 

structures breech the impermeable clay layer, or that deterioration of the liner does not occur. 

Without a venting and off-gas treatment system, vapors would build up within the cap until 

concentration gradients caused vapor diffusion beyond the boundaries of the cap. Thus the cap 

would not permanently contain the vapors and might even increase contaminant migration by 

eliminating atmospheric release and allowing vapors to migrate laterally. Any cracking of the 

clay layer or punctures in an Fh4L would serve as a release point for contaminants with 

potentially very high concentrations. 

. 
- 

Implernentability Evaluation - Capping is a readily implementable technology. 

Standard construction Construction materials are generally available for capping activities. 
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" Excavation, material prepadon;' soil placement, 'soil 'compaction. geoiiiembrari'e installation. 
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placement of drainage stnicturcs, and cap sloping are commonly perfonlied activities. Capping 

can be easily 'implemented using readily available roadway construction equipment. 
. -  

Routine maintenancc of a cap may require irrigation and mowing of vcgctation at the surfacc. 

Replacement of components of the cap should not be necessary. Cap monitoring for vapor 

,leakage would be extremely difficult due to the difficulty in sampling over the entire cap area. 

Additional construction concerns such as erosion of the exterior cap and failure of meriibnnes 

. I  

due to subsidence and slumping within the IHSS are difficult to correct, but may be avoided by 

careful selection of materials, proper compaction, and adequate grading and sloping. No permits 

would be required for capping as it would be conducted on site. 

Cost Evaluation - The cost of capping is dependent upon the materials used for 

construction. L If local materials are readily available and a cap does not require synthetic 

membrane liners, cost for capping is limited by quantities of local materials needed. 

The capital cost of capping IHSS 1 19.1 would be moderate relative to other remedial 

action alternatives providing similar levels of protectiveness. 0 & M costs would be moderate 

to low. 

3.4 Summarv of Alternative Screening 

The primary purpose of the screening'of remedial action alternatives is to reduce the 

number of alternatives that undergo detailed analysis to a more manageable number of options 

that still represent conceptually different approaches towards site remediation. The criteria of 

effectiveness, implementability, and cost were each carefully examined with respect to the 

alternatives presented in this section. The results of the screening indicate that the following 

alternatives will be eliminated from further consideration: 

Alternative 2: Limited Action 
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Alternative 2 was eliminated from further consideration because of its effectiveness 

relative to Alternative 1. Based on the data presented in the System Operation and Oprimizarion 

Test Repon (DOE 1992) for the IhlIIRA, the french d@n would not contribute additional 

protection of human health and the environment beyond that provided by institutional controls 

alone. In addition, Alternative 2 would result in substantially higher costs due to the O%M costs 

incurred in opemthg the IM/IRA treatment system. Because Alternative 2 does not provide 

greater effectiveness than Alternative 1 and yet results in much higher costs, it is not considered 

! 

I 
' I  

I for further analysis. ! 

1 ,  
1 .  ..- - Alternative 3 was eliminated from further consideration due to its limited 
I effectiveness and implementability. Both of these criteria are severely limited by the hydrology 

as 3U-1. The existing recovery well has historically provided sporadic groundwater recovery 

due to variable water levels and low saturated thicknesses in the area. The radius of influence 

of any additional wells would likewise be limited and would be negatively impacted by the 

bedrock geology which tends to form slumps and paleochannels which channel and sometimes 

confine groundwater "pools". For these reasons this alternative will not be considered further. 
I 

Alternative 7 involves the application of a mechanical mixing device to the site as ' 

a whole. Because the nature of contamination beneath OU-1 is such that very low conmntntions 

of COCs occur spradically across the site, it is unlikely that the drilling device could be 

accurately situated over source locations. On an OU-1 sitewide basis the drilling system under 

consideration would require impacting all of the soils at the hillside. This could affect a 

potentially dangerous situation by loosening the soils to the point of release. Slumping was a 

problem discovered during installation of the french drain which would be magnified by 

attempting to steam md auger treat the entire operable unit. This alternative was therefore 
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Lastly, Alternative 9 \vas eliniiiiated from fu&cr' considerition on ttic tusi5 (11' '- 

effectiveness. Capping IHSS 119.1 would not provide addit.io.na1 protection beyond sirnplc ~ 

institutional controls and would cost more to implcment. Capping would require controls to 

avoid pcnetntion of the cap by drilling activities or construction, both of which would bc 

controlled by the institutional controls proposed under Alternative 1 .  

Therefore, the alternatives which survived the alternative screcning process, and arc 

being retained for evaluation for action-specific ARARs, and subsequently detailed analysis are: 

Alternative 0: No Action 

Alternative 1: Institutional Controls - . _  

Alternative 4: In  Situ Treatment by'kF/Ohmic Heating with SVE 
(IHSS -1 19.1 only) 

Alternative 5 :  In Situ Treatment by Steam Injection with Mechanical Mixing 
(MSS 119.1 only) 

Alternative 6: In Situ Treatment by RF/Ohmic Heating with SVE (OU-1) 

Alternative 8: Groundwater Removal by Soil Excavation and Sump Pumps 
(IHSS 119.1 only) 

i 
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The NCP 140 CFR 3CN.4-03(g)] requires identification of potential ARARs for . . 

remedial action alternatives proposed at CERCLA sites. Identification of wtential ARARs is . , 

required by Section 121 (d)(2) of CERCLA., as amended, and as described in the IAG. 

The focus of this section is in on identification of potential action-smific; ARARs 

according to the criteria listed in the NCP regulations under 40 CFR 300.400(g)(l) and (2). 

Proposed remedial action alternatives for the OU-1 site have been analyzed to identify potential 

requirements that ,might be applicable or relevant and appropriate to the action. In addition, 

. .  

, 
,I I 

- .  
EPA's guidance in identifying action-specific ARARs was reviewed during the analysis to verify 

,.I 

that the methodology used in identifying AR4Rs for OU-1 was consistent with that used atother. - 

sites. 

Action-specific ARARs address an activity, condition, or technology involving 

limitations of specific substances or materials. Additional information on action-specific ARARs 

is published in the NCP regulations and in EPA's CERCLA Compliance with Other Laws 

Manual, Inrerim Final (EPA 1988b). 

. 

Tables 4-1 and, 4-2 identify potential Federal and State action-specific ARARs and 

To-&-Considered (TBC) criteria. Tables 4-3 and 4-4 identify the potential action-specific 

ARAB and TBCs which will be evaluated for each proposed alternative during the detiiled 

analysis of alternatives. As alternatives are further refined during the detailed analysis, 
additional action-specific requirements may also be identified or existing requirements modified, 

based on the initial list. 

- ,  

. 

- 

. .  

I . .  ' 

, ,  . . .  ... . . . 
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0. Interim S ~ a n d d a  for Ownen and Opeia~on of 
* 

. 
~ ~ n z n r d o u 8  Waste Tmtmeat, Storage, and Dirpon.41 
Facilitiei 

~~ 

40 cm Part 265 

40 CFR PaIv267 P. Interim S ( a d a d 8  for OWWN and Ope~ton  of New 
Haurdwr Waste Lnnd Dimosal Ficilities 

40 CFR Part 268 

R. Undcrgrwnd Storage T M ~ J  40 CFR Pirt 280 I h b l i a h e s  kchnital stendsdi a n 4  ccmcdve  action rrq!iirtmer,t: 
for owncnlclperaton of undegnxtnd monpe  tank^ (vSTn). 

I5 USC Seci.  2601-2629 See below. 

Ertrblirhes rtomge and divosal  mquirementi for FCBs 
exceeding 50 pprn. 

see below. 

AR n p. 
A. PCBRquirementr  40 CFR Part 761 

C l Y .  WIter Act 33 USC'SCCI. I Z I - 1 3 7 6  

40 CFR see. 125.100 
40 CFR See. 122.41 

A. Discharge of Effluent 

FF. CA - CWA-90-1 
NPDES Federal Facility Conrpliance Agreement 

B. Toxic Pollutant Efiluent Slandardi 

R q u i r t s  thit bea management pncticei be maintained by the 
opentor of a aystcm which discharge# p ~ l l ~ k n t ~  directly into the . 
environment and requires that  point mource discharge8 be 
m o r d r d  to a e n m  compliance with emuenc dischaqe limits 

Eslabliahei numeric rtandards and limiktioru from Ipecific 
sourcei for Aldrinldieldrin; D M ;  Endrin; Toxaphene; 

P ." 
*r 

- 8  . .  
.t 

A R < R  
. >  Benzidine; and PCBs. i 

Controls point source dirhsrgeg of r t m s l e r  awxiated with 
4 

* *  . 
indufirial activity; including requiremento for pollution 
prevention plnn. Industrial activity includes landfills, land 

? 

AR 4 2  .y . .. 
9, ir-, 
<" . .*. ayplicatinn lites, and conmruction activiticr. 
1 .  

40 CFR 129 

C. Dincharge of Stormwater 40 cm sec.i22.21 
40 C a  See. 122.26 

42 USC S a # .  201 1 et sea. Atcmk Enorgy Act 

A. Rndia!ion Protection and Rddioactive Waste 
hlanrpement 

R. fdom-rrce O h j d -  in Licen*;n: for Lad 
D i ~ o - a l  of Radioactive Wrsfe 

IO CFR Part 20 
Subparti C and K 

10 CFR Bart 61 
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DOE orden 
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Emrironmen~al Compliance bare Coordimtion 5400.2A 

Radiation Roceetioa of the Public and Envimnmcn! 5400.5 

E n v i m r d S a f c t y  rnd Health Rogram for DOE 
OperatiOM 

5480.1B 

Radioactive Wa* Management I 5480.2A 
€laurdoua and Radioactive Mixed Hazardous Waste 
Ma~gemcnC 

5480.3 

Envimmntal Protection, Safety, rod Health 
Rorcctioo Staodrrd1 

5480.4 



Standdw for Opmen a n d  Operaton of 
Hsznrdoui Wiste'Trtatment, Storage. and 
Dirposal Ficilitiew 

Interim S l ~ t u i  Sandarda for Ownen tnd 
Operaton of Haz~~rdoue Warte Treatment. 
Storape. and Dispwal Facilitiea 

~~ 

Land Dispotd Rescrictim 

Cclomdo Sotid Waste Disposal Srta 
rad F m i  Act 

~~ 

Colorado Solid Waste Dispsal Site# and 
Facilitie, R e g u l . 4 0 ~  . ' 

Colorado Watec Qiaty Cnntrol Art 

B. Basic Stnndardg and hfelhcdologiec for 
Surface Water Quality 

C. Clarsificationi ard Water Qmlity 
Srandarda for Gmndwater 

- 
Cnlnw*r, A i r  Pall i&n Rsrmfjos 
Cnntrol A d ,  as amrndd 
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Potential State 
Action-Specific ARARs and TBCs 
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S CCR 1001-5 I Renulition 3. Subpart C 
Operating Permit h g n m  

so3 Ens, Dmt Blaain(( M I CRS 3s-72-101 et r q .  ' 

h t  t9 Estnblisb Po~er d Duties O f  CRS 8 25-1-107,25-l-l08, 
Bakd or IIesltb; Dpplrhnmt of Hegtcb and 25-1 1-164 

Colorado Rule: and Regulations 
Pe t th ing  to Radiation Control 

&e below. 

A. Radioactive Material Orher Lhan 6 CCR 1001-1.1 
Source Material Pall rn 

R t I  3.3.1 - Schbdule A 

6 CCR 1001-1 B. S ~ t n 4 a r d s  for Rotection Agairsq 
Radiation Pall lv 

RH 4.2.14.2.2.3 

Colnredo Nniw Abetment % M e  

Stange Tank Facility OamrlOperator Colorado Department of 
Guidance  document^ Health. December 1992 

CRS 25-12-IOl, et req. 

.... 
AI? A !I I Intplemen~ the Federal operating program for 'mjor. u u r r e c  of air 

Applicable lo i l l  land dildurbing 1CIiVi~CB. b i d e s  for the conservalicn cf 
murficiil mils. AR \P 

see below. 

&terminer coacenmtion limila for radiorctive materials h a !  exceed 

background concenmtions. A L I R  7m 

+ 
Escrbliehei radiation dose limib to individuali in controlled IMS. 
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X L. Air M a t i o n  Stndardi  for Equipment L e a l  40 CFR Part 264. Subpart 
B e  

Proposed 40 C& Pntt 264, ? f .  Air Enisdon Standardi for Storage Units 
Subpall cc ,'x . . 

X N. Detign Stsndrds for Containment Buildings 40 CFR Pair 264, Subpart 
DD 

40 CFR Part 265 0; Ir+erim Status Standada fcr Ownen and 
openton of Huardous Waac Trutment. X X X 
Stonge. and D i t p o ~ I  Facilities 

P. Ir??rim Shtus Standards for Ownera and 
Opentom of New Hazardous Wa& Land X X X 
Disposal Facilities 

40 CFR Part 267 

Y ". 

Q. Lad Di-i Redtictiom 40 CFR Part 268 X' 

Toxic &%wes Carrtml kt IS USC Secs. 2601-2629 

A. PCB RequiremntJ 40 CFR Part 761 X X 

Clem Water M 33 USC Seer. 1251-1376 

A. Discharge of Emuent 40 CFR Sec. 125.100 

X X X 40 CFR Sec. 122.41 
FF. CA - CWA-90-1 NPDES F e d d  
Facility Compliance Agreement 

R. Toxic. Pollutant Emuent Standards 40 CFR 129 X x ,  X 

X x C. Divchirge of Stonnwoter 40 cm Sec.122.21 . x  40 CFR Eec. 122.26 
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Table 4-4. . I .  

Preliminary State 
Potential ARARs and TBCs for Proposed Remedial Action Alternativts 

. .  .. 

. .  _ .  * 

Colamdo H a d m  W&e Act md 
W e  IIatardoiu Wmte Sitkg M 

6 CCR 1007-3 

, . I  , .\ . 

x 

X X X X X s Colorado Solid Wa& Dirpo~l  Site8 and 
Facilitits R e g ~ l a t i o ~  

Co!omdD Wnter QwRy C o a t d  Act 

6 CCR 1007-2 

CRS 244103(3), and (8) 

A. EiTuent Litnilations 5 CCR 1002, 10.1.4 X X X- X x ,  u :  

X X X x :< u .  B. Basic Standards and Melhodologieb for 5 CCR 1002-8 

...____. Surf*te Wa~e^r QJq' i ty  ?.I.Oe!seq. 
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6 CCR 1007.3,5 CCR' I 1002-8.3.1 I .5-3.11 .8 
C. Clartificatim rnd Wirer Quality 

Stamlade for Groundwater 

CRS 25-7-112 I 
ColwaAo Air PolldpnContml 5 CCR 1001-5 
Regulationr. Air PolJutant Emirtion Notice Regulation 3, Subpart A : , 
Requircmentl 

State Conmetion Permits ' 5 CCR 1001-5 ' 
Regulation 3. Subpart B 
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Co!oredo Ruleg and Regulntions Pertaining 
to Radiation Control 

A. Rrdiwctive Material Orher than Source 

CRS 0 25-1-107, U-1-108, 
and 25-11-104 

See below. X 
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PM 3.3.1 -Schedule A 
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ATTACHMENT I 

TECHNOLOGIES AND PROCESS OPTIONS FOR 
PLUTONruM AND PAHS IN SOILS 

-a .. 

A. . .  

.. - . . . . .  

... 

... 



. .  . -  . . . .  . .' . . . . . t  ' . .  - .  . - . . . .  .. ' . .  . 

. ' " "Pi&t (RFP) .oi>crable Unit*'l -(OUl) Coriective Measures Study/ Feasibilify Study (CMSIFS) 
regarding radionuclide and scrni-volatil:: organic conlarii:i2:ion in surface ?oils. S u r f x t  :,:,:I 

radiological contarnination has been included within the scope of the Operable Unit 2 (OU-2) 

ChWFS, however, technology identification and screening of rcmedial technologies was 

pcrformed prior to thc determination to include OU-1 surface soils in the larger OLi-2 

contamination plume. Work completcd to date on identification, screening, and evaluation of 

technologies appropriate for contaminants identified in OU- 1 surface soils is presented through I 

the attached tables (see back of text). 
_ -  

I 
I 
I . Identification of potential remedial technologies for radiologic contamination in surface 

soils was accomplished through current literature reviews, vendor contacts, and input of Dames 
& Moore personnel with experience with radiological contamination. This technology 

identification resulted in the development of an extended Iist of potential technologies for 

consideration at OU-1 and the RFP as a whole. 

I 
1 ;  

! 

In addition to the screening and evaluation of tcchnologies presented in the attached 

tables, specific technologies which are considered relatively innovative were examined jn detail 
for their potential applicability to the radionuclide contamination found in OU-1. These 

technologies, high gradient magnetic separation, segmented gate system, and TRUcfean are 

discussed in the following paragraphs. 

I 

High Grad ient Magnetic SeDarat ion 

High Gradient Magnetic Separation (HGMS) is an innovative technology being considered 

for the removal of materials such as plutonium and americium from matrices such as typical 

soils. It applies a high strength magnetic field to the contaminated matrix, causing separation 

of constituents based on magnetic susceptibility. Materials can be classified into two general 

categories: (1) diamagnetic solids that are repelled by a magnetic field, and (2) paramagnetic 

solids that are attracted by a magnetic field. Paramagnetic solids can then be subcategorized as 

either strongly paramagnetic (fcrrornagnetic), wcakl y paramagnetic, and nonmagnetic. 
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' at 'RFP are'nonmagnek, which is the hasis for thC skpzration: * _  

Magnetic separation applies a powerful magnetic field to the contaminated matrix in orocr 

to effect a separation of paramagnetic constituents from nonmagnetic and dianiagnctic 

constituents. The contaminated matrix is fcd to the sysiern in  cithcr dIy or slurried form. The 

wet basis option is described here as a representative proccss option. Thc I-IGMS system isolatcs 

paramagnetic materials by processing a slumed influent stream, with typical solids compositions 

ranging from 30 to 50% by weight. Slurrying typically enhances the isolation of plutonium by 

suspending it in the aqueous matrix, yielding process effectiveness in removing particulatc 

plutonium contamination. The critical operating parameters of an HGMS system are the 

magnetic field strength, the residence time of the slumed material, the slurry composition 

(solid/liquid ratio), and the type and geometry of the capture matrix. The capture matrix is 

a material lining .the outside of the magnetic field chamber, typically stainless steel wool, which 

traps the paramagnetic constituents as they are drawn toward the magnetic field. Typically a -  

capture matrix can trap up to 10% of its weight before - saturating and requiring removal. ~ 

Magnetic field strength is a function - -  of power supplied to the HGMS unit, with field strength 

proportional to the square root of the power applied. Thus doubling the field strength would 

require increasing power input by 4 times. Increased magnetic field strength increases removal 

efficiency of paramagnetic materials. The proper field strength must be determined by 

treatability studies, with the optimal field maximizing removal of target contaminants while 

minimizing effects on non target constituents. Typical HGMS units can treat between 5 and 60 
tons of solid per hour, with field strengths between 10 and 20 kilogauss. Both batch and 

continuous options are available. Support equipment includes a feed preparation system to 

slurry and screen the contaminated soil, and water polishing to recover plutonium from wash 

water used to clean the capture matrix. Figure 1-1 depicts the unit operations involved in 

magnetic separation. 

* 

.. . - 
The soil exiting the HGMS should be below the release criteria and suitable for drying 

and disposal or additional treatment for PAHs. PAHs would not be affected by this treatment 

since they are nonmagnetic organic molecules. Treatability studies we currently underway on 

* 3 

. .  
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Contaminakd Materials 
Misting (dust control) 

-/- 

Shredder 

hfulti-Stage LJ Screening 

3 k  Wash Water 

Water Tank 

Oversize 
Solids 

(to landfill I 
# 

Material Feed t . .  
or packaging) 

s tumed Waste 

t--- T-, I Hopper I . .  

I Optional Pre-Trcntment Unit OperaTim: 
hiagnetic Drum Separator for Sepnmfion 
of Highly Magnetic (ferromngneticl hlaterials Highly hlagnetic 

(ferromagnetic) . 
material 

, 
I .  Ppmagnet ic  & Diamagnetic hfaterialc (Slonied) I 

Staging of Waste 
Containers for Inspection 

- 
1 

Shipment to On-Site Disposal Facility 

t 
Remediated Soil 

(For disposal or PAH treatment if required) 

Figure 1-1. Magnetic Separation Unit Operations 



. -  
applicabiiity of HGMS to 'RFP soils Cnd to detekine ihe'optimal operating pahmeters for ' .  . . . ' I  . . .  

maxi mu ni t i s i  ni en I e f fi 5 en cy. 
_ c  

- .Swmcntcd G;:tc System 

Tine Segncnted Gate System is a proprietary physical separation prxcss from Thcrmo 

Andytjcal for the volume reduction of radiologically contaminated soils, sands, and sediments. 

It employs basic s a d  and gravel handling equipment, an array of radiation sensors, and 2 series 

of gates which divert contaminated material away from clean material, thus reducing the 
i.- 

. L  

contaminated volume requiring disposal. 
I 

The contaminated material is first pre-conditioned to remove large rocks and metal debris 

which would interfere with the radioactivity detectors. This is -done by passing the material 

through screens to remove rocks, the9 subjecting it to magnets to remove metal debris. The 

material is subsequently loaded onto conveyer belts. The thickness and width of material on the 

belts is kept constant, and the conveyer belt S@ is held constant by computer control to ensure 

uniform assaying by the radiation detectors. The material passes under an array of overlapping 

radiation detectors which assay the entire volume of soil to determine radioactivity. The levels 

of radioactivity are recorded by a computer and compared against a preset rejection threshold. 

This information is fed to a control system which operates a row of piston mounted diversion 

gates located at the end of the conveyer belt. The clean material falls off the belt and is 

collected, but the control system actuates the pistons and diverts "hot" material through one or 

more of the diversion gates to a separate holding area. As little as one pint of material can be 

diverted. The process can be used alone to reduce waste volume for disposal, or combined with 

other radioactive soils treatments with substantial cost savings due to the decreased volume for 

- -  

. *  

.. - 
I . .  

I .  

treatment. 

* Thermo Analytical is currently operating a Segmented Gate System at the Defense 

Nuclear Agency's Johnston Atoll. They are presently processing 2400 metric tons of soil per 

week with an o\uall volume reduction of 98%. The current system has a belt speed of 30 

March7, 1994 DRAFT I 4  
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detectors, which detect gamma emissions from ~amcriciurn~moleculcs, h g d  i i  an oklapping 

paticrii to eiiwre zssayihg of all mateiizl. Tlic currcnt r e j d o n  thrcshoid is approxiinsrcl!~ 1 I;.-< 
. pCi of total activity for any 0.1 m3 of waste or a particle activity of 135 pCi or more. Thermo 

Analytical believes much-lower thresholds can be achieved by decreasing waste dcpth and bclt 

s p d .  Thc limiting factor in the proccss is the n x d  fordcontamination to be significantly aboirc. 

background to m i n t a i n  confidence in the radiological assay. 

-. 

The Segmcnted Gate System is potentially applicable to the Rocky Flats Plant b a d  on 

its potential for significantly reducing the volume of material requiring disposal or further 

treatment. Applicability and effectiveness will be heavily dependent on two factors: natural 

background radiation levels at the site, and the distribution of the contaminants within the soil 

matrix. Work is currently underway to determine natural background radiation levels at the 

RFP. Samples taken to date yield plutonium concentrations from 0.0244 to 0.100 pCilg, but 

the actual background levels have not yet been determined. The difference between the 

background levels and the target level for contaminant removal will greatly affect process 

applicability and effectiveness, since the smaller the difference, the lower the level of confidence 

in the radiological assay. Also, since the system removes "hot" materials from the soil, 

I 

contaminant distribution will also greatly impact process applicability and effectiveness. 

Uniform distribution will result in little or no volume reduction because either all or none of the 

soil will be rejected. Further characterization of the plutonium plume and treatability testing will 

provide information to determine the applicability and effectiveness of the Segmented Gate 

System to the RFP. Polynuclear aromatic hydrocarbons would likely be unaffected by this 

treatment since they are not seen by radiation detectors. 

'TRUclean 

. TRUclean is a proprietary soil washing process from the Lockheed Corporation for the 

removal of radionuclides and heavy metals from soils, sludges, and sediments. It employs soil 

washing, sized fractionation, and gravimetric separation techniques to reduce the volume of 

contaminated material. The patented proccss is modular, with site specific arrangements of 
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. ,. 
. . .  

- .  optimum iipcratirg yzrainc;crs. 

. _- 
. .  I-. , 

The key component - -  in the system is the gravimetric separation unit, which separates the 

matwid in the contzminatcd m d i a  based on spzcific gravity diffcrenccs. This is dmt: by 

passing the slurried media over a screen and Screen bed and then exposing-it to a vcrtical 

hydraulic pulse. The pulse, a suddcn upflow of water through the screen and Scrccn bed, 

temporarily suspends all particles in the contaminatecf matrix and thcrcforc fluidizes the sc ren  

bed. Following the pulse, the water drains back through the screen and screcn bed before the 

pulse is r e p & .  This cycle causes the constituent krticles to fractionate based on size and 

density (settling velocity). Dense fine particles settle to the bottom of the screen bed, where 

small particles pass through the screen while larger particles collect on the screen. The dense 

fines are collected continuously from the bottom of the separation unit, while the oversize dcnse 

particles are collected intermittently during maintenance cycles. Less dense particles pass over 

the top of the screen bed and are skimmed over a weir upon exiting the gravimetric separation 

unit, thus being concentrated in a tailings product stream. Due to their high densities (specific 

gravities an order of magnitude higher than water) and relatively small particle size, 

radionuclides and heavy metals are concentrated in the dense fines product stream. The 

remediated soil is collected from the tailings and oversizk dense product streams. Other unit 

operations in the TRUclean process are used to enhance and optimize the performance of the 

gravimetric separator. As mentioned earlier, the types and numbers of support processes vary 

based on specific media characteristics, but typically include the following: a trommel screen 

for initial wet screening, attrition scrubbing to promote separation of particulates from the soil 

aggregate, and spiral classifiers and centrifugal concentrators to "polish" the tailing stream to 

remove any remaining heavy metals or radionuclides. Optional hydrocyclones can also be added 

to fractionate out large particles and increase treatment efficiency. Figure 1-2 presents a general 

'- ., 
I -  

I 

I 

* 

I 

flow diagram for the TRUclean process. - -  

The effectiveness of the TRUclem p r e s s  at RFP has been evaluated in a treatability 

study. The study focused on determining the effectiveness of the TRUclean process in removing 
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Results 'indicate that approximately 44.9 percent of the plutonium contam'inated soil from. the 

vicinity of ttie 933 Pad cm bc recovered at or belou* 0.9 pCi/g. Tests also indicated th2i naturzl 

organic matter, very- common at RFP, _.  inhibits the treatment process by formation of organo- 

metallic compounds with -. the' plutonium, thus incorporating i t  into large, less dense moleculcs. 

Polynuclear aromatic hydrocarbons (PAHs) would tend to be unaffectcil by this treatmcnt and 

concentrated in fhe rernediatcd soil product since, due to their large molccular size and 

hydrophobicity, they would generally not pass through the screen . _  . of the gravimetric separator. 
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